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Abstract. Associations between the concentration of arsenic naturally occurring in drinking water
and the development of skin lesions in people have been documented for some years at various loca-
tions around the world. Data on the exposure-response relationship between concentrations of arsenic
in drinking water and prevalence of skin lesions in farmers from five locations in Inner Mongolia,
China have been collected from the original publications and re-analysed together as a meta-study.
The calculated data show a positive linear exposure-response relationship without a threshold. The
reasons for this linear correlation are discussed and compared with the data from Xinjiang, another
arsenism area located in a different geographical area of China. Here a different relationship was
recorded that involved a threshold concentration before skin lesions developed. The significance of
these two different exposure-response scenarios is discussed.
Key words: arsenic concentration, arsenism, China, drinking water, exposure-response analysis,
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1. Introduction
Epidemiological studies in the Blackfoot Disease areas in Taiwan have shown that
chronic arsenic (As) exposure in drinking water was strongly correlated with the
occurrence of skin cancer in humans (Tseng et al., 1968). Based on these data, the
United States Environmental Protection Agency (USEPA) formulated their risk as-
sessment document for ingested inorganic As and the risk of skin cancer (USEPA,
1988). Limited by the original data, the dose-response relationship between As
exposure and cancer occurrence reported in the document has given rise to much
discussion (Chappell et al., 1997; Brown, 1998; North, 1998). On the other hand,
many epidemiological studies have shown that other numerous health effects, both
cancer and non-cancer endpoints have also been attributed to As (Andersen et al.,
1999). Among them the commonest hallmark are skin lesions such as hyperker-
atosis, pigmentation and depigmentation. Arsenic-related skin lesions have been
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widely identified in populations exposed to As contaminated drinking water in
Argentina (Concha et al., 1998; Chowdhury et al., 2000), Bangladesh (Tondel
et al., 1999), Chile (Hernandez et al., 2000), India (Mazumder et al., 1998), Mexico
(Gonsebatt et al., 1994), Thailand (Choprapawon and Ajjimangkul, 1999), as well
as in Taiwan (Tseng et al., 1968), Xinjiang (Wang Lianfang et al., 1994), Inner
Mongolia (Wu Kegong et al., 1994a, b), Shanxi (Wang Jinghua et al., 1998) and
Ningxia (Hu Xingzhong et al., 1999) in China. It is not known if a safe level of As
for one health effect (skin lesions) is also a safe level for other effects (e.g. can-
cers). However skin lesions tend to occur in higher numbers than the more severe
health effects such as cancers. Patients with skin lesions are also at greater risk of
developing a severe health effect than those without skin lesions (Brown, 1999).
Mandal et al. (1996) further recognised skin lesions as the pre-clinical effects of
skin cancer. Observing the occurrence of skin lesions in exposed populations can
further the risk assessment of As and their relationship with other severe health
effects.
The Inner Mongolia Autonomous Region contains the largest endemic arsen-
ism (synonymous with arsenicosis, arseniasis and arsenicism) area in China al-
though smaller numbers of people are affected compared with disease occurrences
in Bangladesh and India. Arsenic skin lesions have been identified in 11 counties
in Inner Mongolia, distributed in a discontinuous belt from east to west (Figure 1).
The total of 2,666 patients have been identified (MOH, 1998). More than 200 000
people live in the disease-affected areas and 10–37% of their wells are contaminated
Figure 1. Map showing the distribution of arsenism counties in Inner Mongolia, China. The small
map of China in the top corner shows the location of Inner Mongolia.
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with As depending upon location (Wu Kegong, 1994b). Several surveys on the
exposure of people to As in drinking water and the occurrence of skin lesions
have been conducted at different locations in the area. The five published stud-
ies examined includes those of Li Guojun et al. (1994) in Chifeng, eastern Inner
Mongolia; Wu Deqing et al. (1992) and Luo Zhendong et al. (1994) in
Tumotezuoqi, a suburb of the Region’s capital, Huhhot; Wu Kegong et al. (1994a)
in Hangjinhouqi, Bamen Prefecture in central Inner Mongolia; and Sun Yude et al.
(1994) in Alashanzuoqi, western Inner Mongolia (Figure 1). This paper exam-
ines and analyses the exposure-response data for ‘drinking water’ type arsenism
reported in these publications, and discusses their similarities. The paper also com-
pares the collective results from Inner Mongolia with a study from Xinjiang where
a threshold in the exposure-response was observed.
2. Materials and methods
2.1. DATA COLLECTION
We have collected survey data on arsenism in Inner Mongolia from five studies
conducted in different areas in the Region, covering from west to east as mentioned
in the Introduction. The distribution of arsenism is based upon the occurrence of As
in a fault basin whose geological, topographical and chemical characteristics have
been outlined (Yu Xiaoying, 2001). No mine or smelting works operate in the areas.
The skin lesions data in each of the studies reported were diagnosed following
the same Endemic Arsenism Diagnosis Criteria developed by Chinese Ministry of
Health (MOH, 1994). The doctors examined for signs of hyperkeratosis, pigmenta-
tion and depigmentation graded on a scale of 1◦, 2◦, and 3◦, that reports increasing
severity of the disease corresponding with exposure to increasing concentrations
of As in drinking water. The total of 3,924 exposed people were screened in the
studies and 655 individuals patients were identified showing clinical symptoms of
arsenism.
Arsenic concentrations in drinking water were analysed with a standard col-
orimetric method using silver diethyldithiocarbamate (Ag-CCD) in the studies of
Li Guojun, Luo Zhendong, Wu Kegong and Sun Yude, and were analysed by the
atomic absorption method in the study of Wu Deqing. Details of the sampling and
analytical methods used are reported in the respective papers.
The health effects of As exposure have been reported in all of the Inner Mongo-
lian studies to relate to the As intakes via drinking water, although general nutrition
and other human health factors may modify disease expression. In Inner Mongolia,
although the disease is spread over large areas, the socio-economic backgrounds of
the exposed population are similar. They are poor farmers living with the same
life-style in rural areas. They live on the local farm products with almost the
same nutrition and the As concentrations, if any, in their food may also be the
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same (Zheng Zhong et al., 1994). The As concentration in the local foods and
hence total As intake via dietary sources were not reported in any of the studies. All
reports refer to As in drinking water as the main exposure route of arsenism. The
duration of exposure was around 15 years before the studies were undertaken. The
farmers use the elevated As contaminated water for drinking and cooking and the
adults drink similar quantities of water (i.e. about 1.5 L−1 day) as the climatic con-
dition are the same throughout the areas (Wu Kegong et al., 1994a; Wang Lianfang,
1997). Skin absorption as an exposure route via washing, is considered to be neg-
ligible as the farmers do not wash frequently because of limited water resources.
All the data from the publications are summarised in Table I. In the original
data, As concentrations in drinking water were reported as intervals (0.05–0.09,
0.10–0.19, 0.20–0.29, etc.). In our paper the median of each interval is used for
the Excel plot of disease prevalence against As concentration in drinking water.
A separate investigation by Wang Lianfang et al. (1994) on the arsenism area
in Xinjiang Autonomous Region, a different area in China, is also analysed and
reported for comparative purposes.
3. Results
3.1. EXPOSURE-RESPONSE RELATIONSHIP OF WATER ARSENIC
CONCENTRATION AND PREVALENCE OF SKIN LESIONS IN
INNER MONGOLIA
Figure 2 illustrates the data from five different authors. It is interesting that although
the occurrence of skin lesions varies with As concentration in drinking water from
area to area, when they are evaluated together as one series, the exposure-response
relationship shows a strong positive correlation that can be expressed as
y = 103.9x + 0.441(R2 = 0.9451),
(where y is the occurrence of skin lesions (%), and x is As concentration in drink-
ing water (µg mL−1). The linear regression implies that there is no safe threshold
and a 10% prevalence rate occurred due to 0.1µg mL−1 As concentration in drink-
ing water with lesions occurring at below 0.05µg mL−1 As in drinking water.
3.2. THE EXPOSURE-RESPONSE SITUATION FOR XINJIANG
Wang Lianfang et al. (1994) studied the population exposed to As contaminated
wells in Xinjiang. They concluded that there were no skin lesions when the As con-
centration in drinking water was less than 0.1µg mL−1and seldom in 0.1∼ 0.2µg
mL−1. When the As concentration in drinking water increased from 0.2µg mL−1to
0.4µg mL−1, arsenism prevalence increased gradually. After 0.4µg mL−1, it
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TABLE I
Exposure-response relationship between prevalence of skin lesions and As
concentration in drinking water in different arsenism areas
Water-As Number of Number of Prevalence(%)
(µg g−1) population cases
Study 1: in Chifeng,
eastern Inner Mongolia (Li Guojun et al., 1994)
<0.05 121 8 6.6
0.05∼ 0.09 41 7 17.1
0.1∼ 0.19 66 12 18.2
0.2∼ 0.29 49 8 16.3
0.3∼ 0.39 17 8 47.1
0.4∼ 0.45 15 6 40.0
Total 309 49 15.9 (average)
Study 2: in Tumotzuoqi,
central Inner Mongolia (Wu Deqing et al., 1992)
<0.04 112 0 0
0.05∼ 0.1 96 1 1.0
0.11∼ 0.2 81 10 12.3
0.21∼ 0.3 67 18 26.9
0.31∼ 0.5 48 20 41.7
Total 404 49 12.1 (average)
Study 3: in Tumotzuoqi,
central Inner Mongolia (Luo Zhendong et al., 1994)
0∼ 0.04 624 0 0
0.05∼ 0.19 241 26 10.8
0.2∼ 0.39 34 10 29.4
0.4∼ 0.64 18 11 61.1
0.65–0.95 28 23 82.1
Total 945 70 7.4 (average)
Study 4: in Hangjinhouqi,
central Inner Mogolia (Wu Kegong et al., 1995)
0.3∼ 0.39 28 15 53.6
0.4∼ 0.49 40 20 50.0
0.5∼ 0.59 47 29 61.7
0.6∼ 0.69 71 51 71.8
0.7∼ 0.79 58 46 79.3
0.8∼ 0.89 13 10 76.9
Total 264 176 66.7 (average)
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TABLE I
(continued)
Water-As Number of Number of Prevalence(%)
(µg g−1) population cases
Study 5: in Alashanzuoqi,
western Inner Mongolia (Sun Yude et al., 1995)
<0.04 182 0 0
0.5∼ 0.1 340 33 9.7
>0.1 1480 278 18.8
Total 2002 311 15.5 (average)
Comparing study:
in Xinjiang (Wang Lianfang et al., 1994)
0.035 409 0 0
0.066 271 0 0
0.11 180 0 0
0.13 285 2 0.7
0.14 247 2 0.8
0.17 174 0 0
0.21 322 1 0.3
0.23 543 8 1.5
0.24 241 3 1.2
0.26 1427 26 1.8
0.29 225 14 6.2
0.34 291 19 6.5
0.34 944 35 3.7
0.39 211 29 13.7
0.46 744 83 11.2
0.56 283 89 31.2
0.75 362 168 46.4
Total 6479 479 7.4 (average)
increased rapidly. The relationship between skin lesions and exposure to As con-
centrations in drinking water was expressed as a curvilinear regression model of
log10(y + 2) = 2.246x + 0.095,
where y is the occurrence of skin lesions and x is As concentration in drinking
water.
These results are also included in Figure 2. But from Figure 2 we can see that
when the As concentration in water is high, above 0.2µg mL−1, the correlation is
strongly positive, which can then be expressed as y= 86.446x −20.722. Compar-
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Figure 2. Chart shows the exposure-response relationship between prevalence of skin lesions and
arsenic concentration in drinking water in Inner Mongolia. The white circle series data is from
Xinjiang, PR China for comparison.
ing this study with the five from Inner Mongolia (Figure 2), it can be seen that their
slopes are similar.
4. Discussion
The data from Inner Mongolia show that skin lesions only appear in the population
exposed to As concentrations in drinking water above 0.05µg mL−1, except in
Chifeng, eastern Inner Mongolia, where skin lesions even appear in the population
exposed to the lowest As concentration in drinking water. But data from Xinji-
ang show that skin lesions significantly appear in the population exposed to As
concentrations in water above 0.2µg mL−1. The implication is that a threshold
concentration is involved in disease prevalence in Xinjing. The results further imply
that populations in Inner Mongolia are more susceptible to As in drinking water
than those in Xinjiang. The comparable slopes of the two exposure-response curves
indicates that after 0.2µg mL−1As in drinking water as a threshold in Xinjiang,
the same As increase in water will cause a comparable increase in the rate of skin
lesions. A possible explanation for these differences may be a difference of As
intake in food and hence total dose between the two populations (Brown, 1999)
or, that those in Xinjiang are protected from low exposure to As by a chemical
substance such as selenium in their diets (WHO, 1981). Further studies are required
to examine this issue.
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Recently, two investigations on the relations between As in drinking water
and the prevalence of skin lesions have been conducted by Mazumder and his
colleagues in West Bengal, India (Mazumder et al., 1998) and by Tondel et al.,
in Bangladesh (Tondel et al., 1999). In Mazumder’s study, female age-adjusted
keratosis prevalence increased from 0 in the lowest As exposed group (<0.5µg
mL−1) to 8.3% in the highest As exposed group (>0.8µg mL−1) and male age-
adjusted keratosis prevalence increased from 0.2 to 10.7%. The hyperpigmentation
prevalence also increased from 0.3 and 0.5% to 11.5 and 22.7% for females and
males respectively. In Tondel’s study, age-adjusted skin lesion prevalence increased
from 18.6% in the lowest exposure (<0.15µg mL−1) to 37% in highest expos-
ure (>1.0 g mL−1) for males and increased from 17.9 to 24.9% for females. The
rate of increase is far lower than that in China, which means that the exposure-
response relationship may well have regional differences, possibly related to total
As dose including food intakes and/or other health-related conditions such as sel-
enium in the diet.
The linear dose-response relationship between As intakes and the occurrence
of cancers has been discussed by many scientists (Abernathy et al., 1996; Rudel
et al., 1996; North, 1998) and the exposure-response relationship from our study
on arsenism areas in Inner Mongolia also shows the linear no threshold model.
Because such studies have been conducted in elevated As exposure areas, Brown
(1999) suggested further surveys of the skin lesions as an early diagnostic for
As-related health effects at low As concentration areas. The studies in Bengal,
India and in Chifeng, Inner Mongolia have shown that skin lesions can occur in
populations exposed to low As concentrations (<0.05µg mL−1) in drinking water.
Consequently skin symptoms may be used to measure the effects of relatively low
exposures. However, many studies show that As-related skin lesions only occur
in a population exposed to high As concentrations in drinking water (>0.05µg
mL−1). Some studies even show that As-induced skin lesions only occur in high
As exposure areas (>0.2µg mL−1in drinking water).
A possible explanation of why apparently low concentrations of As in drinking
water give rise to the occurrence of lesions may lie in additional intakes of As.
In Inner Mongolia although individual families have their own drinking water
wells, their water consumption may not be exclusively from this well. The high
As concentration wells and low As concentration wells are distributed in the same
village. It is common for the people with low As content wells to drink the high As
content water of their neighbour when they are guests in their home, or if they have
occasional supply problems from their own well. It can be argued that this possible
sharing of water resources gives rise to an inaccurate estimate of exposure at a con-
centration below 0.05µg mL−1and that the individuals with lesions have in reality
been exposed to As concentrations in drinking water above 0.05µg mL−1. Further
studies are required to examine whether there is a better biomaker of exposure than
skin lesions at low As concentrations and to clarify whether differences between
As exposure via drinking water and total As dose could account for such results.
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We have also conducted research in a rural district in Alashanzuoqi, Inner Mon-
golia. The results show that the skin lesions of arsenism have systemic development
stages ranging from single hyperkeratosis 1◦ to hyperkeratosis 3◦ combined with
depigmentation 3◦ and pigmentation 3◦. Arsenic concentrations in head hair can
correlate with these clinical stages (Yang Linsheng et al., 2001). Skin lesions ap-
pear after As concentration in hair is up to about 2.0µg g−1, close to the results of
epidemiological studies (Desi, 1992; Brown, 1998). With increasing seriousness of
skin lesions, As concentration in hair had also increased. In addition, As concentra-
tion in 70 adults’ hair showed a linear correlation with matched As concentration
in their drinking water. The model can be expressed as
y = 6.3593x + 0.6161,
where x is the As concentration (µg mL−1) in drinking water and y is As concen-
tration in human hair (µg g−1).
Using this linear model, when x= 0.05µg mL−1(the safety As standard in
drinking water adopted by most nations), the y (calculated) = 0.934µg g−1, which
is very close to 1µg g−1the ‘normal’ As concentration in hair identified by the
World Health Organization (WHO, 1980). If we take 2.0µg g−1as the threshold
for As concentration in hair of people with skin lesions, then the As concentration
in the drinking water can be calculated as 0.22µg g−1. This is close to 0.2µg g−1,
which has also been assumed as the concentration of As in drinking water respons-
ible for the development of skin lesions in some epidemiological studies (Wang
Lianfang et al., 1994). Other scientists have also reported the exposure-response
relations between As in hair and in water in low As exposure areas (Hindmarsh
et al., 1977; Buchet et al., 1999). Whether As in hair can be used as a biomarker for
As exposure, and furthermore as an indicator for exposure-response relationships
requires further study.
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